The survival and therapeutic outcome vary greatly among glioblastoma (GBM) patients. Treatment resistance, including resistance to temozolomide (TMZ) and radiotherapy, is a great obstacle for these therapies. In this study, we aimed to evaluate the predictive value of SEC61G on survival and therapeutic response in GBM patients.
Identification of SEC61G as a Novel Prognostic Marker for Predicting Survival and Response to Therapies in Patients with

Background
Glioblastoma multiforme (GBM) accounts for about 80% of primary malignant brain tumors. The median survival time of GBM is only about 15 months during the past decades [1] . Despite the tremendous progress in post-operative therapies, GBM remains an incurable disease with the highest morbidity. Owing to the unsatisfactory prognosis of GBM, identification of novel prognostic markers or molecular pathways in GBM is urgently needed [2, 3] .
Postoperative radiotherapy and temozolomide (TMZ) chemotherapy, together with surgery, form the standard treatment for newly diagnosed GBM patients. However, radiotherapy resistance and intrinsic or acquired TMZ resistance represents a major obstacle for these therapies [4] [5] [6] . In that sense, it is further important to identify the biomarkers not only related to GBM overall survival, but also related to the outcome of radiotherapy and TMZ chemotherapy [7, 8] .
SEC61G, also known as Sec61 translocon gamma subunit, is one of the 3 subunits of the Sec61 complex. The Sec61 complex is the central component of the protein translocation apparatus of the endoplasmic reticulum (ER) membrane [9] , which is involved in protein folding, modification, translocation and unfolded protein response especially under conditions of hypoxia and nutrient deprivation in tumor microenvironment [10, 11] . SEC61G was found to be overexpressed in gastric cancer [12] and breast carcinomas [13] . SEC61G gene was also investigated to coamplify with epidermal growth factor receptor (EGFR) in 47% of GBMs and overexpressed in 77% of GBMs [14] . However, the correlation between SEC61G and GBM prognosis has not been characterized.
In this study, we comprehensively evaluated the prognostic value of SEC61G expression in GBM patients, especially in those who received TMZ treatment or radiotherapy according to the gene expression profile and corresponding clinical information of GBM patients from the Cancer Genome Atlas (TCGA) and the Chinese Glioma Genome Atlas (CGGA) databases. Bioinformatic methods: gene set enrichment analysis (GSEA) and gene set variation analysis (GSVA) were performed to get further insight into the biological role of SEC61G involved in GBM pathogenesis. We believe our study will contribute to the improvement of molecular diagnosis, prognosis prediction, and individualized therapy for GBM patients.
Material and Methods
Data source
Microarray datasets of 523 GBM patients from TCGA database (http://cancergenome.nih.gov) and 126 GBM patients from the CGGA database (http://www.cgga.org.cn) were obtained to assess the relationship between SEC61G expression and prognosis of GBM patients. Cases lacking gene expression or survival data were excluded. Therapeutic information including TMZ chemotherapy status and radiotherapy status were only available in TCGA microarray dataset. Thus, we used this dataset to evaluate the response to TMZ and radiotherapy in GBM patients. Expression data of SEC61G in different tumors and normal controls were obtained from TCGA and the GenotypeTissue Expression (GTEx) databases (https://gtexportal.org/ home). Expression data of SEC61G in various tumor cell lines were download from the Human Protein Atlas website (http:// www.proteinatlas.org).
Gene functional analysis
Gene set enrichment analysis (GSEA) was used to identify the possible gene sets and correlated biological processes or pathways of statistical difference, |NES| >1, P-value <0.05, and FDR q value <0.25 were considered as statistically significant [15] . Additionally, we applied gene set variation analysis (GSVA) to further verify significant differences of biological processes that were defined by gene sets [16] . Ontology gene sets files were obtained from the Gene Ontology (GO) and the Kyoto Encyclopedia of Genes and Genomes (KEGG) databases.
Statistical analysis
All statistical analyses were performed with bioconductor packages in R software (v.3.5.1). Patients with survival time less than 30 days were excluded in survival analyses to avoid potential biases. Kaplan-Meier plots and log-rank test were used to estimate and compare the survival times. The median expression of SEC61G was used to dichotomize patients into either a low-SEC61G or a high-SEC61G group in survival analyses. Univariate and multivariate Cox proportional hazards regression were used to assess the influence of the potential prognostic factors on survival. Pearson correlation analysis was performed to evaluate the association between different genes based on their expression. A P-value <0.05 was regarded as statistically significant in all analyses.
Results
The expression pattern of SEC61G in tumor tissues and tumor cell lines SEC61G expression was significantly higher in various tumor tissues compared with their normal controls ( Figure 1A ), which indicated that SEC61G might participate in tumorigenesis in various tumors. High expression of SEC61G was also observed in GBM cell lines, such as U-87MG, U-251MG, and 3625 SH-SY5Y, which indicated that SEC61G might be a significant marker for GBM ( Figure 1B) . These results suggested SEC61G as a potential prognostic gene marker.
Association between SEC61G expression and clinicopathologic factors in GBMs
We examined SEC61G expression in TCGA and CGGA GBM cohorts stratified by age (<65 years and ³65 years), molecular type, isocitrate dehydrogenase (IDH) status, and MGMT promoter status. We used 65 years as the cutoff age because the median age of diagnosis of GBM is about 65 years [17] . In TCGA GBM cohort, an increased expression of SEC61G was observed in MGMT promoter methylated, classical, and mesenchymal subtypes, IDH wild-type (WT), and older age (age ³65 years) groups (Figure 2A ). In the CGGA set, an increased expression of SEC61G was observed in classical and mesenchymal subtypes and IDH-WT patients ( Figure 2B ). There was no significant difference between male and female patients. These findings suggested that GBM patients with high SEC61G expression were prone to have a poorer outcome than those with low expression.
SEC61G had significant prognostic value in GBM patients
We used TCGA and CGGA GBM cohorts to investigate the correlation between SEC61G expression and prognosis of GBM patients. Kaplan-Meier plots demonstrated that TCGA GBM patients in the low-SEC61G group had significantly longer overall survival (OS) than those in the high-SEC61G group (P=0.00035). The same trend was also observed in the CGGA GBM cohort (P=0.011, Figure 2C ). *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** * Receiver operating characteristic (ROC) curves were plotted to assess the predictive accuracy. The area under the curve (AUC) was 0.719 and 0.714 in TCGA and CGGA GBM datasets, respectively ( Figure 2D ).
Univariate and multivariate Cox proportional hazards regression analyses of relevant clinicopathologic features such as age, gender, molecular types, and MGMT promoter status together with SEC61G expression further confirmed that SEC61G was an independent factor affecting the OS in TCGA GBM cohort (hazards ratio [HR]=1.344, P=0.044) and in the CGGA GBM cohort (HR=1.598, P=0.036) ( Tables 1, 2 ).
SEC61G had significant prognostic value in GBM patients who received TMZ treatment or radiotherapy
We then inspected the correlation between SEC61G expression and survival in TCGA GBM patients who received TMZ treatment to evaluate the response to TMZ treatment. MGMT promoter status was included as a comparison. Kaplan-Meier plots demonstrated SEC61G expression was significantly associated with survival (P=0.004), which was more significant than MGMT promoter status (P=0.036) ( Figure 3A) . In GBM patients without TMZ treatment, neither SEC61G expression nor MGMT promoter status showed significant impact on survival, but SEC61G expression showed stronger association (P=0.085) with survival than MGMT promoter status (P=0.42) ( Figure 3B ).
These results indicated that SEC61G might be a predictor for the TMZ response in GBM patients.
SEC61G expression also exhibited stronger predicting power than MGMT promoter status in TCGA GBM patients who received radiotherapy. SEC61G expression showed more significant impact (P=0.00014) on survival compared with MGMT promoter status (P=0.038) ( Figure 3C ). In patients without radiotherapy, neither SEC61G nor MGMT promoter status showed significant association with survival, but similarly to the last paragraph, SEC61G expression showed stronger association (P=0.13) with survival than MGMT promoter status (P=0.46) ( Figure 3D ). These results indicated that SEC61G might be a predictor for the response to radiotherapy in GBM patients. Additionally, by conducting univariate and multivariate Cox hazards regression analyses of relevant clinicopathologic features such as age, gender and MGMT promoter status together with SEC61G expression, we confirmed SEC61G expression was an independent prognostic factor affecting the response to TMZ (HR=1.436, P=0.033), which showed more significance than MGMT promoter status (HR=0.743, P=0.077) (Table 3) . Similarly, SEC61G expression was also an independent prognostic factor affecting the response to radiotherapy (HR=1.567, P=0.004), while MGMT promoter status was not (HR=0.803, P=0.146) ( Prognosis stratification of GBM patients based on age and SEC61G expression TCGA GBM patients in the age group <65 years had significantly better OS than those in the age group ³65 years (median survival: 504 days versus 291 days) (P<0.0001). We then added SEC61G expression as a cofactor into the survival analysis in order to obtain more distinct survival prediction. Patients in the age group <65 years with low SEC61G expression had the best OS (median survival: 557 days), which was significantly better than the other age group ( Figure 4A ). SEC61G expression was significant correlated with survival among patients age < 65 years, but not among patients age ³65 years. A possible explanation could be the impact of age on survival was too strong, and it covered up the impact of SEC61G expression in patients older than 65 years. The flowchart of the stratification was shown in Figure 4B . This finding might enable us to estimate the prognosis of GBM patients more accurately.
Prognosis stratification of GBM patients who received TMZ treatment based on MGMT promoter status and SEC61G expression and age As for GBM patients who received TMZ treatment, patients with methylated MGMT have significant better OS than those with unmethylated MGMT (median survival: 585 days versus 454 days) (P=0.036). We then added SEC61G expression and age as cofactors into the survival analysis and found that patients with methylated MGMT, low SEG61G expression, and age <65 years had the best OS (median survival: 715 days) ( Figure 4C ), which was significantly better than the other groups. The flowchart of our stratification is shown in Figure 4D . This finding might enable us to predict the response to TMZ in GBM patients with more accuracy.
SEC61G might be associated with Notch pathway
To illustrate the possible biological functions and pathways of SEC61G in GBMs, we performed GSEA using TCGA and CGGA GBM datasets. Several tumor-related biological processes and pathways, such as macroautophagy, apoptosis, NIK/NF-kappaB signaling, Notch receptor processing, endoplasmic reticulum unfolded protein response, and p53 signaling pathway were significantly enriched in TCGA GBM dataset. While regulation of NIK/NF-kappaB signaling, endoplasmic reticulum unfolded protein response, Notch receptor processing, p53 signaling pathway, JAK-STAT signaling pathway, PI3K-Akt signaling pathway were significantly enriched in CGGA GBM dataset ( Figure 5A ).
GSVA in TCGA and CGGA GBM datasets generated heatmaps that enrichment score of the related GO terms was depicted along with clinicopathologic factors such as IDH mutation, age, gender, MGMT promoter status, and SEC61G expression level. GSVA further confirmed GO terms such as Notch receptor Notch was observed in both GSEA and GSVA. So, we further performed Pearson's correlation analysis between SEC61G and hub genes of Notch pathway. SEC61G was significantly correlated with Notch hub genes, such as JAG1, PSENEN, and NOTCH4 in TCGA GBM dataset ( Figure 5C ), and NOTCH3, PSEN2, and NOTCH4 in the CGGA GBM dataset ( Figure 5D ). These results suggested that the elevated expression of SEC61G might be associated with upregulated Notch pathway in GBMs.
Discussion
This study first investigated a genomic marker related to prognosis and therapeutic response based on different GBM cohorts. We identified SEC61G gene as a potential prognostic marker. High SEC61G expression was significantly correlated to poor outcome of GBM patients. The most impressive finding was that SEC61G expression, even more significantly than MGMT promoter status, could predict the outcome of TMZ treatment. Interestingly, SEC61G also showed significance in predicting the outcome of radiotherapy. We then confirmed SEC61G as an independent impact factor on survival and response to TMZ and radiotherapy. Moreover, as we combined age, MGMT promoter status, and SEC61G expression into the survival analysis, GBM patients with TMZ treatment could be further separated into more distinct survival groups, which may enable us to better predict the response of TMZ treatment and thus develop better individualized therapeutic plans. The functional study revealed SEC61G was significantly associated with the Notch pathway, which provided us with new insights into SEC61G's role in the regulation network of GBM High expression of SEC61G was associated with advanced clinicopathologic features like high World Health Organization (WHO) grade, classical and mesenchymal subtypes, older age (³65 years), IDH-WT, and unmethylated MGMT, which suggested that SEC61G might be a marker of poor prognosis. However, the correlations between SEC61G and such factors have yet to be explored.
The MGMT gene encodes DNA-repair proteins, and a methylated MGMT gene promoter could inhibit the expression of MGMT, and thus facilitate the effect of TMZ on cytotoxicity and apoptosis. MGMT promoter methylation has been well recognized as a favorable prognostic marker in GBMs, especially for those patients who receive alkylating agents such as TMZ [18] . Therefore, we used MGMT promoter status as a comparison to evaluate the predicting power of SEC61G on TMZ treatment response. In this study, we confirmed MGMT promoter status as a prognostic factor in GBM patients who received TMZ treatment, but not as significant as SEC61G expression, which further confirmed that SEC61G expression was a potential marker for TMZ treatment sensitivity. Beyond that, an unexpected finding was that both MGMT promoter status and SEC61G expression could predict the response to radiotherapy.
As we know, the response to TMZ is not just depend on a single gene signature, but a combination of clinicopathologic features and molecular events [19] . A prognostic assessment model base on multiple factors has become increasingly common, and in this regard, although MGMT promoter methylation is already a well-known biomarker for predicting TMZ treatment response, combining potential prognostic factors such as age and SEC61G expression along with MGMT status could provide further prognostic information for GBM patients than MGMT status alone.
SEC61G encodes a membrane protein, which is 1 of the 3 subunits of the Sec61 complex. The Sec61 complex is the central 3632 component of the protein translocation apparatus of the endoplasmic reticulum (ER) membrane [9] . Together with other components such as ERj1, SEC62, and SEC63, the Sec61 complex is involved in protein folding, modification, and translocation [14] . In addition, the Sec61 complex might also participate in unfolded protein response, which represents a set of cytoprotective activities that enhances anti-apoptosis and the processing capability of misfolded proteins in ER [20, 21] under conditions of hypoxia and nutrient deprivation in tumor microenvironment [22] . Lu et al. found that SEC61G was over expressed in GBM specimens and cell lines, and that knockdown of SEC61G could inhibit glioma cell proliferation and even result in cell apoptosis. However, their study failed to reveal a correlation between SEC61G and survival of GBM [14] . In our study, significant association between SEC61G expression and GBM prognosis was verified in different GBM cohorts, which 3633 
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at least partly confirmed the results of a previous study that SEC61G exists as a GBM-specific proto-oncogene.
Another important finding was that SEC61G was closely related to the Notch pathway. Notch receptors (Notch 1-4) play an essential role in preventing neuronal differentiation by driving neural stem cell maintenance [23] . As glioma cells share numerous characteristics in common with neural stem cells, Notch is thus often implicated in the development of glioma [24] . Experimental data demonstrated that reduced Notch1 expression in glioma cell lines led to an increased apoptosis and decreased proliferation [25] . On the other hand, Notch was demonstrated to contribute to TMZ resistance in GBM patients; pharmacological antagonism of the Notch pathway could enhance the therapeutic effect of TMZ [26, 27] . Notch inhibitors g-secretase inhibitors (GSI), could even prolong survival time in GBM patients who received TMZ treatment [28] . Our study demonstrated that SEC61G expression was significantly correlated with the prognosis and TMZ treatment response in GBM patients. So, we speculated these effects of SEC61G might be at least partly caused by the activation of the Notch pathway, which suggested another possible mechanism, that high SEC61G expression could result in a poor prognosis the TMZ resistance in GBM patients.
